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that, in the case of proteins that
target the growing tips, these
proteins are not continually bound
to the end, but instead bind and
release during microtubule growth,
giving the appearance that they are
‘surfing’. The existence of an
extended GTP–tubulin cap would
provide a viable mechanism for
localizing these interactions, and
for maintaining this localization
during polymerization, but more
detailed studies will likewise be
required to gain insight into this
phenomenon.
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Division of labour is the cornerstone of successful societies. A new study
has shown that individual experience can produce long-lasting task
specialisation in ants. This asks for a reappraisal of the role of individual
learning in insect societies.Patrizia D’Ettorre
How much can an individual insect,
such as a small-brained ant, learn
and remember, and what memories
can it recall in future behaviours?
How important is learning for the
collective organisation of insect
societies? We have a special term
to describe the most advanced
societies of ants, bees, wasps and
termites: eusociality (from Greek
eu- meaning ‘well’ or ‘good’), the
apex of animal social organisation
[1]. In recent decades, a few other
animals have been shown to
approach the eusocial condition:
some aphids and thrips, an
ambrosia beetle, some shrimps
and, among the vertebrates,
two species of mole rat.
However, colonies of socialinsects — particularly those of
ants and honey bees — provide
the most elaborate and diverse
examples of highly developed
eusocial organisation, and they
remain the main model organisms
for studying the evolution of
cooperation and complex systems.
The tremendous ecological
success of social insects is largely
based on the optimisation of one of
the key organisational elements
of complex societies: division of
labour. Individuals specialise in
specific tasks: queens reproduce,
while workers deal with colony
maintenance and brood care. The
workers may be further split into
castes, with some individuals
working mainly inside the colony
as nurses and others being
foragers. How is this division oflabour achieved? There is evidence
that it is related to differences
among individuals in the
probabilities of engaging in
a specific task [2], because
individuals may have different
response thresholds to perform
a given behaviour [3], owing to age,
morphology and genotype [4].
The genetics of caste has been
best studied in honeybee colonies,
where queens typically mate with
many males and thus workers
occur in genetically distinct
patrilines. Full sister patrilines have
been shown to differ from their
half sisters ‘other patrilines’ for
a variety of tasks such as foraging
[5] and nest thermoregulation [6].
Honey bee foragers have a higher
expression than nurses of a gene
dubbed foraging, which encodes
a cGMP-activated protein kinase
[7,8]. Foraging behaviour in the
harvester ant Pogonomyrmex
barbatus is also associated with
the expression of this gene, but
here the gene is down-regulated in
foragers [9].
Although genetic variation can
partly explain the basis of division
of labour in some species, often
Dispatch
R767eusocial insect queens only mate
with one male so the workers are
genetically very similar — in this
case something else must be
responsible for division of labour.
Furthermore, there exist social
systems where all individuals may
be genetically identical. This is the
case of the Japanese ant
Cerapachys biroi (Figure 1), the
model organism used in a study
reported recently in Current
Biology by Ravary et al. [10]. Their
new results demonstrate that
individual experience might play
a crucial role in the expression of
specific behaviours, indicating that
a reappraisal of learning — the
process by which new information
is acquired — and memory — the
process by which that information
is retained — in small-brained ants
is needed. This notion reinforces
other recent findings that worker
ants can experimentally learn to
associate specific odours with
gustatory reinforcers [11] and that
queen ants may rely on long-term
memory of individual identity to
establish and maintain dominance
hierarchies during the critical stage
of colony foundation [12].
Memory structures and learning
abilities are relatively well studied
in honeybees at the behavioural,
cellular and molecular level. The
mini-brain of a honeybee has
a surprisingly complex cognitive
architecture [13,14], allowing the
insects to perform multifaceted
tasks that are well beyond
elementary forms of learning.
However, optimal learning and
memory capacities for particular
social or environmental conditions
are likely to be shaped by the
fitness consequences of the
behaviours that they facilitate, so
that species- and task-specific
learning adaptations are affected
by variable evolutionary
constraints [15].
The study by Ravary et al. [10]
shows that individual learning is
crucial in the ant C. biroi, where
genetic variation within colonies is
constrained by parthenogenesis.
In this ant species, colonies are
composed of morphologically
similar female individuals which
reproduce without mating. In
addition to having essentially no
within-colony genetic diversity,
these ants also have an army-Figure 1. Individually marked workers of the ant Cerapachys biroi.
Photo: Emmanuel Lecoutey.ant-like reproductive cycle, with
a ‘foraging phase’ and a ‘statary
phase’, at the end of which
a single cohort of new workers
emerges simultaneously. These
characteristics make this ant
particularly suitable for studying
how experience affects task
specialisation as age, morphology
and genetics can be controlled.
Ravary et al. [10] created
experimental colonies of newly
hatched and individually marked
workers, and allowed half of them
to find prey at every foraging
attempt (successful explorers),
while the other half were
manipulated to never find any prey
(unsuccessful explorers). After
a few ‘training’ sessions, the
behaviour of the two worker groups
had clearly diverged: successful
explorers were more likely to leave
the nest chambers and forage,
whereas unsuccessful explorers
preferred to stay in the nest. The
effect turned out to last. Even after
a month, ants that found prey in the
past kept exploring for food
significantly more often than
previously unsuccessful
explorers, which tended to
specialise in brood care.
Experience with brood may also
have modulated the tendency of
these workers to engage in
nursing. Thus, both kinds ofstimuli — prey and brood — may
have worked in synergy to
produce heterogeneity among
individuals resulting in the
observed division of labour.
This straightforward and timely
study demonstrates for the first
time the essential role of individual
experience in shaping division
of labour in insect societies.
A possible self-organised
mechanism for task specialisation
based on learning has so far only
been suggested by theoretical
work (for example [16,17]) and
has been awaiting experimental
validation. Ravary et al. [10] have
filled this gap in our understanding
of the processes that enhance
colony efficiency, and their work
opens up new research avenues for
exploring the surprising learning
and memory abilities of ants and
other social insects. This may
eventually allow us to challenge
a widely acknowledged concept
expressed by the ipse dixit ‘‘Many
animals have memory, and are
capable of instruction; but no other
creature except man can recall the
past at will’’ (Aristotle, The History
of Animals).
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As in other areas of science, in
brain research our understanding
of the underlying processes is
significantly constrained by what
we can measure. A host of different
techniques is available to the
aficionados in neuroscience,
ranging all the way from X-ray
crystallography of specific ion
channels all the way to
measurements of behavioral
performance of the whole
organism. At the level of single
neurons or populations of single
neurons, the gold standard for
systems neuroscience, most of our
knowledge comes from studies in
animal models. Measurements of
brain activity in the human brain
usually come from low-resolution
tools including functional imaging.
The non-invasive nature of these
imaging tools has allowed
a generation of cognitive scientists
to venture into the brain.
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f how brain imaging signals relate to
s that the simultaneous activity of
tes with local field potentials and
measurements has been a major
challenge, given that they are only
indirectly related to neuronal
activity. Brain activity requires
energy and, consequently, blood
flow changes following activity
modulation in a given brain region.
The paramagnetic nature of
oxygen bound to hemoglobin
allows the use of magnetic
resonance imaging to measure
the slow changes in blood flow.
How do these blood flow changes
relate to the underlying neuronal
activity? Major progress towards
understanding the relationship
between blood flow and neuronal
activity has come from
simultaneous measurements of
neuronal spiking activity, local field
potentials (LFPs, which measure
the responses of a large ensemble
of neurons), and blood oxygen level
dependent (BOLD) signals in
functional magnetic resonance
imaging (fMRI) experiments [1,2].
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DOI: 10.1016/j.cub.2007.07.003spikes (see also [3,4]). This has led
to the (oversimplified) notion that
BOLD measurements represent an
aggregate measure of local
processing plus input signals,
whereas spiking signals constitute
the actual output of a given brain
area. These observations have also
reignited the general interest in
understanding LFPs and their
relationship with spiking activity
(for example [5–8]).
In general, the conclusions from
many functional imaging studies
have been concordant with
knowledge derived from single
neuron measurements (for
example [9,10]). Moreover, a recent
study [11] has shown that fMRI can
successfully select a brain area
in monkeys for subsequent
electrophysiological scrutiny.
However, the results obtained in
different experimental paradigms
have not always been consistent —
ranging from claims of high
correlation between spikes and
BOLD to reports of markedly
reduced correlations and different
conclusions (for example [12]).
It is possible, in a unique
experimental setting, to monitor
the activity of single neurons as
well as LFPs in the human brain
[13]. This type of recording can be
done in human epileptic patients
who are monitored using depth
electrodes to map the areas
responsible for seizure onset.
